Interest in the mechanism of near-and sub-barrier fusion has been renewed, with the advent of radioactive beam facilities, due to the specific properties of unbound and weakly bound beams, such as extended neutron densities, low-lying continuum, and very low energy break-up thresholds. It is expected that these properties will appreciably affect fusion, as well as other reaction channels like breakup. We discuss the role played by these properties in barrier and sub-barrier fusion of weakly bound and unstable nuclei. The data are compared to calculations performed within the coupled channels and continuum discretized coupled channels schemes.
Introduction
With the advent of radioactive beam facilities, interest in near-and sub barrier fusion studies has been renewed due to their specific features, such as extended neutron densities, low-lying continuum, and very low energy break-up thresholds. The first measurements of near-and sub-barrier fusion with halo nuclei were perfonned for the lIBe+2~i, ~e+2°~i and ~e+231J systems and for the corresponding stable projectiles '13e+2~i, 4He+2~i and 4He+238U. A first analysis of these results, in the coupled-channels framework, was presented in [1] and [2] . In the frrst part of this contribution, we briefly describe the salient futures of this analysis and in the second part we present new calculations for ne+238U near-and sub-barrier fusion. The latter calculations were performed within the continuum discretized coupled channels scheme.
Near-and sub-barrier fusion with exotic nuclei Most of the results concerning the fusion of two nuclei at bombarding energies below and near the Coulomb barrier were adequately interpreted within the framework of coupled channels (CC) calculations. This kind of calculation with phenomenological nucleus-nucleus potentials can successfully reproduce a vast amount of data [3] . The CC calculations presented here were performed with the ECIS code [4] . The structure of the colliding nuclei is explicitly taken into account via folding models, for the entrance channel potential. This potential is traditionally inferred from elastic scattering data at energies well above the Coulomb barrier. The overall success of realistic folding models for the description of elastic scattering data of stable and well bound nuclei without any renormalization of the real potential for energies well above the Coulomb barrier indicates that the real dynamic polarization potential (DPP) is weak. This is not the case for the scattering of stable but weakly bound nuclei, such as ~e.
For these nuclei, break-up effects generate a real polarization potential of opposite sign to the real potential provided by the folding model, see [5] and the discussion therein.
Coupled channels calculations were performed for the data presented in Fig.   1 . The real part of the entrance channel potential was calculated within the double folding model using the BDM3Yl interaction. This interaction was found to describe elastic scattering data for both stable and weakly bound nuclei [1, 2] rather well, provided the normalization factor for the weakly bound nuclei was substantially less than 1.0. The experimental results for 4He projectiles may be potential by 60%. The data for the 6He+ 238 U, 6He+-Bi and IIBe+2O?Bi systems were obtained from [6] , [7] and [8] , respectively.
The new llBe+2~i data are in good agreement with calculations with a potential reduction of the order of 40%. We would like to add here a comment concerning our frrst theoretical analysis on this subject [1] . The experimental data discussed in this paper [1] for both the ~e+2.'SU and llBe+2~i systems were overestimated, by a factor of the order of 50% for ~e+238U [6] and by a factor of I/sqrt(2) for IIBe+2~i [8] . This led to an agreement between the experimental data and the theoretical predictions that was not as spectacular as it appears today in figure 2 . Therefore, the discussion and calculations in this earlier paper Recently, we applied the CDDC method to the calculation of the break-up and fusion of 6Li and lIe interacting with a 208Pb target [11] . Figure 3 shows the calculated fusion cross sections compared to the data for the ~i + 208Pb [12] and lIe + 2~i [7] systems. Agreement is satisfactory in both cases. CDCC calculations of sub-barrier fusion for the lIe+2.1' 11 system are presented in figure   4 . They were obtained using a barrier penetration model (BMP) with the real effective potential between the projectile and the target being the sum of the bare potential and the dynamic polarization potential (DPP) derived from the CDCC channel couplings. Indeed, this procedure takes into account a possible energy variation of the DPP, which was not accounted for by the simple procedure used mthe first part of this contribution. As may be seen in the figure 4 , the overall agreement with the measured fusion cross sections is again rather good. 
Conclusions
From this analysis we may draw the conclusion that CC calculations, taking into account in a simplistic way break-up effects via a reduced magnitude real potential, reproduce the gross properties of near and sub-barrier fusion, for weakly bound stable nuclei. The agreement between the calculations and the data is particularly spectacular in the case of the ~e+2~i system where the reduction of the potential is known from elastic scattering. From the analysis of these pioneering experiments, it is found that a fundamental difference occurs between stable and unstable systems. The dominant channel in the barrier energy region of stable systems is fusion. For unstable and weakly bound nuclei this is not the case. Loss of flux through other channels like break-up takes place, and can be taken into account by the reduction of the entrance channel optical potential, i.e.
exactly in the same way as for elastic scattering data. In that respect, descriptions of the weakly bound systems-~e+2~i, ~e+208Pb and the halo systems lIe+2~i, 1Ie+ 238 U and llBe+2~i -were obtained by making use of a reduced potential to account for the break-up processes. This Toy-model description is justified in section 3 by CDCCIBPM calculations. These calculations show indeed the reduction of the total potential, provide a reasonable description of the complete fusion data and predict a suppression of the fusion by break-up at energies close to the Coulomb barrier.
